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Article 
To what extent do unhealthy behaviour indicators explain the 
neighbourhood deprivation gradient in overweight among 11-year-old 
English children? 
Rob J. Noonan 
Appetite and Obesity Research Group Department of Psychological Sciences, University of Liverpool, L69 7ZA, UK  
A B S T R A C T   
Aims: This study examined associations between neighbourhood deprivation, school commuting behaviour, a range of unhealthy behaviour indicators and over-
weight/obesity among 11-year-old English children. 
Methods: Data are from wave five of the UK Millennium Cohort Study, collected in 2012. Subjects consisted of 7262 (3637 boys) 11-year-old English children. 
Children were classified as normal weight or overweight/obese. School commute mode (active/passive) and health behaviour indicators were parent-reported. 
Health behaviour indicator scores below the mean of the lower half of the distribution were classified as unhealthy on this indicator. Neighbourhood deprivation 
was defined using the 2004 English Indices of Multiple Deprivation. Odds ratios (ORs) for being overweight/obese according to neighbourhood deprivation were 
estimated. A range of unhealthy behaviour indicators were explored to assess the extent to which they attenuated associations between neighbourhood deprivation 
and overweight/obesity. 
Results: Children living in the most deprived neighbourhoods in England were more likely to be overweight/obese, commute to and from school actively and 
participate in all unhealthy behaviour indicators compared to children living in the least deprived neighbourhoods. Adjusting for confounders and significant un-
healthy behaviour indicators reduced the OR for overweight/obese from 1.81 (95% CI 1.54 to 2.13) to 1.56 (95% CI 1.30 to 1.88) in the highest neighbourhood 
deprivation group compared to the lowest. 
Conclusion: Active school commuting alone is unlikely to be enough to prevent and reduce the prevalence of overweight/obesity in the most deprived English 
neighbourhoods. Childhood overweight/obesity-related interventions should focus on promoting participation in a range of health behaviours.   
Background 
Childhood overweight/obesity rates have increased 10-fold in the 
past 40 years (NCD Risk Factor Collaboration (NCD-RisC), 2017). There 
is now a steep social gradient to childhood overweight/obesity in En-
gland, such that the burden of overweight/obesity falls disproportion-
ately on children living in the most deprived neighbourhoods (Noonan & 
Fairclough, 2018). Recent evidence shows that these social inequalities 
in overweight/obesity risk are widening (Noonan, 2018a). 
The UK Government recently committed to setting a target to in-
crease the number of children walking to school in the Childhood 
Obesity Strategy (HM Government, 2016). While broader societal and 
public health objectives (i.e., reduced road accidents, less congestion 
and carbon emissions) can be achieved if more children actively 
commute to school (Dosanjh, 2011; Liu & Grigg, 2018), evidence to 
support the positive contribution of active school commuting to chil-
dren’s weight status is currently weak (Larouche et al., 2014). For 
example, research conducted in Liverpool, England found that children 
living in deprived neighbourhoods were most likely to actively commute 
to and from school and were at greatest risk of overweight/obesity 
(Noonan et al., 2017). 
Inequalities in childhood overweight/obesity are likely related to 
limited participation in behaviours that support energy balance and high 
participation in behaviours that compromise energy balance [referred to 
as “unhealthy behaviour” herein]. For the purpose of this study, un-
healthy behaviours range from an unhealthy diet (e.g., high sweetened 
beverage consumption and/or low fruit consumption) to spending 
excess time engaged in sedentary behaviour(s) (e.g., high television; TV 
and/or computer use), to limited participation in modes of physical 
activity (e.g., low sport participation and/or outdoor play) beyond 
walking/cycling to school (Foresight, 2007). Children living in the most 
deprived neighbourhoods are considered to be most susceptible to 
weight gain because their living environment is most conducive to un-
healthy behaviour. Firstly, children living in the most deprived neigh-
bourhoods are least likely to have the financial resources to support a 
balanced healthy diet (Jones, Tong, & Monsivais, 2017) and participate 
in the physical activities (Hardy et al., 2010) which are widely 
encouraged to support a healthy weight. Moreover, they are exposed to 
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the least supportive social and built environments for physical activity 
(Noonan et al., 2016). For example, research shows that the most 
deprived neighbourhoods are perceived by parents as unsafe and have 
the least access to parks, playgrounds and recreational facilities for 
physical activity (Noonan et al., 2016). However, to date, no research 
has examined the extent to which a range of unhealthy behaviour in-
dicators relating to physical activity, sedentary behaviour and diet serve 
as mechanisms between neighbourhood deprivation and childhood 
overweight/obesity. Therefore, to fill this research gap the present study 
used nationally representative data from the UK Millennium Cohort 
Study to examine associations between neighbourhood deprivation, 
school commuting behaviour, a range of unhealthy behaviour indicators 
and overweight/obesity among 11-year-old English children. 
Methods 
Participants 
This study is a secondary analysis of data derived from wave five of 
the UK Millennium Cohort Study (MCS). The MCS is a nationally 
representative UK sample of children born between September 2000 and 
January 2002. The sample design allowed for over-representation of 
ethnic minority families and families living in high deprivation neigh-
bourhoods. MCS1 was conducted between 2001 and 2002, and con-
tained information on 18 819 children in 18 533 families, collected from 
parents/carers when children were 9–11 months old (Hansen, 2014). 
Subsequent surveys were administered at the ages of 3 (MCS2; 
2003/04), 5 (MCS3; 2006), 7 (MCS4; 2008) and 11 years (MCS5; 2012). 
MCS5 successfully collected data on 13 403 children (51% of those 
eligible to participate in MCS1). During MCS5, child anthropometric 
measurements were taken and information on sociodemographic char-
acteristics and health behaviours were collected from parents/carers 
and children. All measures were collected in the family home. Only 
English children whose parent/carer provided complete data for the 
variables of interest were included in the present analysis. The resulting 
study population comprised 7262 children (3637 boys). Ethical 
approval for MCS5 was granted by the Northern and Yorkshire Research 
Ethics Committee (Ref: 11/YH/0203). 
Measures 
Outcome variable: child overweight/obesity 
Stature was measured to the nearest millimetre using a portable 
stadiometer (Leicester Height Measure, Seca, Birmingham, UK), and 
body mass measured to the nearest 0.1 kg using Tanita HD-305 scales 
(Tanita UK Ltd, Middlesex, UK). BMI was calculated from stature and 
body mass (kg mˉ2). The International Obesity Taskforce age-specific 
and gender-specific BMI cut-points were used to classify children as 
normal weight or overweight/obese (Cole et al., 2000). 
Exposure variable: neighbourhood deprivation 
Neighbourhood deprivation was calculated from home postcodes 
using the 2004 English Indices of Multiple Deprivation (IMD; (Depart-
ment for Communities and Local Government, 2005)). The IMD is a UK 
Government produced measure comprising seven areas of deprivation 
(income, employment, health, education, housing, environment and 
crime). Lower decile scores represented higher deprivation. Decile 
scores were collapsed into five categories, and a categorical variable was 
created to represent children living in the most deprived (deciles 1–2) to 
least deprived neighbourhoods in England (deciles 9–10). 
Potential mediating variables 
School commute behaviour. School commute mode was parent/carer 
reported. Commute mode to and from school was assessed using the 
following responses: public transport, school or local authority bus, car 
or other vehicle, bicycle, walk, and other. A categorical variable was 
created to represent active commute (walk and cycle) and passive 
commute (motorised responses and other). 
Health behaviour indicators and “unhealthy” behaviour threshold. All 
health behaviour indicators were parent/carer reported. Physical ac-
tivity participation was assessed using two items. Sport/exercise and 
non-club/class physical activity participation were each assessed on a 7- 
point Likert scale, ranging from not at all to  five days per week. 
Sedentary behaviour was assessed using two items. The number of hours 
per weekday children watch television (TV) or videos on a computer and 
play on a computer or console game were each assessed on a 7-point 
Likert scale, ranging from none to  7 h. Dietary behaviour was 
assessed using two items. Sweetened beverage consumption was 
assessed on a 7-point Likert scale ranging from never to more than once 
per day, and daily fruit consumption was assessed on a 4-point Likert 
scale ranging from none to  three pieces. 
For the purpose of this study unhealthy behaviour indicators re-
flected low sport/exercise participation, low non-club/class physical 
activity participation, high TV/video use, high computer/console game 
use, high sweetened beverage consumption and/or low daily fruit con-
sumption. An unhealthy level of behaviour for each health behaviour 
indicator was established by identifying children who recorded a 
significantly worse behaviour score relative to their peers. This was 
achieved by first calculating the median value for each health behaviour 
indicator (to identify the lower half of the distribution), and then 
calculating the mean value for the lower half of the distribution. Chil-
dren who fell below this threshold reported worse health behaviour than 
an average respondent among the least well performing half of the 
sample. This method has been applied in previous large-scale epidemi-
ological cohort studies (Chzhen et al., 2018). 
Confounders 
Potential confounding factors were selected a priori based on pre-
vious evidence (Dixon, Pe~na, & Taveras, 2012; Govindan et al., 2013; 
Noonan et al., 2016). Participant gender and ethnicity were 
parent/carer-reported. Ethnicity categories were based on census cate-
gories (Kelly, 2008) and included White, Mixed, Indian, Pakistani and 
Bangladeshi, Black or Black British, and Other Ethnic group. A cate-
gorical variable was created to represent White and non-White partici-
pants. Family income was assessed using weekly household income 
equalized according to the Organisation for Economic Co-operation and 
Development household equivalence scale. Poverty was defined as 
having an equalized household income below 60% of the UK median 
(Hansen, 2014). Perceived neighbourhood environmental characteris-
tics relating to physical activity were assessed using two items. Children 
reported whether there are parks in the neighbourhood where children 
can play (yes/no) and rated the extent to which the neighbourhood is 
safe to walk, play or hang out in during the daytime. Responses ranged 
from not at all safe (1) to very safe (4). Responses were collapsed, and a 
categorical variable created to represent safe and unsafe 
neighbourhoods. 
Statistical analyses 
Consistent with mediation analysis guidance from Baron and Kenny 
(Baron & Kenny, 1986), unadjusted associations between neighbour-
hood deprivation (primary exposure) and overweight/obesity at age 11 
(outcome measures) were explored. Unadjusted odds ratios (ORs) were 
first calculated using multivariate logistic regression to explore associ-
ations between neighbourhood deprivation categories and all potential 
confounders and mediators (i.e., school commuting behaviour and un-
healthy behaviour indicators). Secondly, associations between all po-
tential confounders and mediators and child overweight/obesity were 
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examined using logistic regression. In the final analyses, sequential 
models were fitted; calculating adjusted ORs using multivariate logistic 
regression for overweight/obesity on the basis of neighbourhood 
deprivation (with children living in the least deprived neighbourhoods 
as the reference group), adjusting first for confounders that were 
significantly associated with overweight/obesity at the p < 0.1 level in 
the univariate analyses, and then for all significant mediators. Mediation 
was deemed to have existed if the statistically significant ORs in the final 
model was attenuated or removed. Two sensitivity analyses were con-
ducted, first repeating the analyses with poverty income as an alterna-
tive exposure measure of social disadvantage and secondly, using BMI as 
an outcome measure. All analyses were conducted using SPSS v. 25 
(SPSS Inc.; Chicago, IL, USA). 
Results 
The prevalence of overweight/obesity at age 11 was 32.40% among 
children living in the most deprived neighbourhoods compared to 
20.90% in the least deprived neighbourhood group. All the other 
covariates of interest, except for child sex and park access, varied 
significantly by neighbourhood deprivation (Table 1). 
Associations of confounders and mediators with overweight/obesity at age 
11 
In the univariate regression analyses, higher neighbourhood depri-
vation, living in an unsafe neighbourhood, female sex, non-White 
ethnicity, income poverty, low sport/exercise participation, low non- 
club/class participation, high TV viewing, high sweetened beverage 
consumption, and low fruit consumption were all associated with an 
increased OR for overweight/obesity at age 11 (Table 2). Fig. 1 shows 
the unadjusted and fully adjusted covariate estimates. In the fully 
adjusted model, higher neighbourhood deprivation, female sex, non- 
White ethnicity, low non-club/class participation and high TV viewing 
were all significantly associated with an increase in OR for overweight/ 
obesity at age 11. 
Main analyses 
Fig. 2 presents the ORs for neighbourhood deprivation and over-
weight/obesity at age 11 before and after adjustment for confounders 
and unhealthy behaviour indicators added sequentially. The OR 
decreased by 9.94% from 1.81 (95% CI 1.54 to 2.13) to 1.63 (95% CI 
1.36 to 1.96) after adjusting for confounders, and by a further 4.29% 
after adjusting for high TV viewing (OR  1.59 (95% CI 1.33 to 1.91)), 
Table 1 
Characteristics of study population by neighbourhood deprivation (%).  
Variable All 
(n  7262) 
% 
Least deprived (n  1380) 
% 
Q2 
(n  1257) 
% 
Q3 
(n  1376) 
% 
Q4 
(n  1414) 
% 
Most deprived 
(n  1835) 
% 
P Valuea 
Overweight/obesity at age 11 26.90 20.90 23.90 27.00 27.90 32.40 <0.001 
Sex (Boy) 50.10 50.20 49.90 50.10 51.00 49.40 0.94 
Ethnicity (White) 76.10 91.90 88.10 82.60 73.50 53.00 <0.001 
Living in income poverty 25.70 2.80 8.80 16.60 29.60 58.40 <0.001 
Active commute to school 54.30 51.10 47.10 50.40 55.80 63.50 <0.001 
Active commute from school 56.30 52.90 48.30 53.40 57.90 65.30 <0.001 
Unhealthy behaviour indicators 
Low sport/exercise participation 25.40 14.00 20.80 24.30 30.30 34.30 <0.001 
Low non-club/class participation 21.90 17.30 17.70 20.00 25.90 26.60 <0.001 
High television viewing 16.50 12.00 13.40 17.10 18.40 20.00 <0.001 
High computer use 15.20 11.30 11.20 14.20 17.80 19.60 <0.001 
High sweetened beverage consumption 14.40 9.50 11.90 12.60 15.40 20.20 <0.001 
Low fruit consumption 6.30 3.50 4.90 6.10 7.40 8.60 <0.001 
Perceived neighbourhood factors 
Unsafe neighbourhood 11.40 5.20 6.50 10.30 13.20 18.50 <0.001 
Access to park 88.60 90.40 88.70 88.30 87.80 87.80 0.17  
a χ2. 
Table 2 
Prevalence of overweight/obesity at age 11 and univariate odds ratios (ORs).   
Total 
(n  7262) 
% 
Overweight 
(n  1951) 
% 
OR Lower CI Upper CI 
Neighbourhood deprivation 
Most deprived 25.30 32.40 1.81 1.54 2.13 
Q4 19.50 27.90 1.46 1.23 1.74 
Q3 18.90 27.00 1.40 1.17 1.67 
Q2 17.30 23.90 1.18 0.99 1.42 
Least deprived 19.00 20.90 – – – 
Child sex 
Female 49.90 29.00 1.24 1.12 1.38 
Male 50.10 24.70 – – – 
Child ethnicity 
Non-white 23.90 32.30 1.42 1.27 1.60 
White 76.10 25.10    
Living in income poverty 
Yes 25.70 30.60 1.28 1.14 1.44 
No 74.30 25.60 – – – 
Neighbourhood safety 
Unsafe 11.30 31.90 1.32 1.13 1.54 
Safe 88.70 26.20 – – – 
Park access 
No 11.40 29.10 1.14 0.97 1.33 
Yes 88.60 26.60 – – – 
Active commute to school 
Yes 54.30 27.70 1.10 0.99 1.22 
No 45.70 25.80 – – – 
Active commute from school 
Yes 56.30 27.30 1.06 0.95 1.18 
No 43.70 26.20 – – – 
Unhealthy behaviour indicators 
Low sport/exercise participation 
Yes 25.40 29.50 1.20 1.06 1.34 
No 74.60 26.00 – – – 
Low non-club/class participation 
Yes 21.90 32.00 1.38 1.22 1.56 
No 78.10 25.40 – – – 
High television viewing 
Yes 16.50 34.10 1.51 1.33 1.73 
No 83.50 25.40 – – – 
High computer use 
Yes 15.20 28.50 1.10 0.96 1.27 
No 84.80 26.60 – – – 
High sweetened beverage consumption 
Yes 14.40 29.80 1.19 1.03 1.37 
No 85.60 26.40 – – – 
Low fruit consumption 
Yes 6.30 30.50 1.21 0.99 1.49 
No 93.70 26.60 – – –  
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low non-club/class participation (OR  1.59 (95% CI 1.32 to 1.91)), low 
sport/exercise participation (OR  1.58 (95% CI 1.32 to 1.90)), high 
sweetened beverage consumption (OR  1.57 (95% CI 1.30 to 1.88)), 
and low fruit consumption (OR  1.56 (95% CI 1.30 to 1.88)). The OR 
comparing the lowest to highest neighbourhood deprivation group 
remained significant in the final model (OR  1.56 (95% CI 1.30 to 
1.88)). 
Discussion 
The study revealed a steep neighbourhood deprivation gradient to 
overweight/obesity among 11-year-old children in England. Children 
living in the most deprived neighbourhoods in England were 1.81 times 
more likely to have overweight/obesity compared with children living 
in the least deprived neighbourhoods in England. This finding builds on 
prior research showing a steep neighbourhood deprivation gradient to 
overweight/obesity in England at age 7 (Noonan & Fairclough, 2018) 
and 14 years (Noonan, 2018b). Children living in the most deprived 
neighbourhoods in England were most likely to commute to and from 
school actively and were most likely to participate in all unhealthy 
behaviour indicators relating to sedentary behaviour, dietary behaviour 
and other modes of physical activity. Adjusting for significant unhealthy 
behaviour indicators reduced the OR for overweight/obesity in the most 
deprived group to 1.56, but relations remained significant. As such, the 
increased risk of overweight/obesity among age 11-year-old children 
living in deprived neighbourhoods in England is to some extent due to a 
combination of these unhealthy behaviour indicators but cannot be fully 
attributed to them. 
0 0.5 1 1.5 2 2.5
OR for overweight/obesity at age 11




Most deprived neighbourhood 
Child sex (ref boy) 
Child ethnicity (ref white) 
Income poverty (ref no) 
Park access (ref yes) 
Neighbourhood safety (ref safe) 
Ac! ve commute to school (ref no) 
Ac! ve commute from school (ref no) 
Low sport/exercise par! cipa! on (ref no) 
Low non-club/class par! cipa! on (ref no) 
High television viewing (ref no) 
High computer use (ref no) 
High sweetened beverage consump! on (ref no) 
Low fruit consump! on (ref no) 
Unadjusted 
Fully adjusted 
Fig. 1. Unadjusted and adjusted associations (odds ratio, OR) between covariates and overweight/obesity at age 11.  
Fig. 2. Odds ratio (OR) for overweight/obesity comparing lowest neighbourhood deprivation group to highest in sequentially adjusted model.  
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A novel aspect of this study was the exploration of potential path-
ways linking neighbourhood deprivation and childhood overweight/ 
obesity. Children living in the most deprived neighbourhoods in England 
were most likely to spend time engaged in screen-time behaviours (i.e., 
TV viewing and computer use) and least likely to participate in sport/ 
exercise and non-club/class physical activity. There are a couple of 
potential explanations for these observed research findings. Firstly, 
consistent with local-level evidence from England (Noonan et al., 2016), 
children living in the most deprived neighbourhoods in England were 
most likely to report their neighbourhood as unsafe and having limited 
access to parks/green space. Children that perceive the neighbourhood 
environment as unsafe are potentially more likely to spend time indoors 
which may encourage them to spend an increased amount of time 
watching TV and playing computer games. These types of sedentary 
activities could have double negative effects on weight status, by first 
limiting energy expenditure, and secondly, through the increased 
exposure to unhealthy food marketing which is associated with higher 
unhealthy food intake and overweight/obesity (Boyland et al., 2011; 
Halford et al., 2008). Children living in the most deprived neighbour-
hoods in this study reported the greatest consumption of sweetened 
beverages and this could be one mechanism linking neighbourhood 
deprivation and childhood overweight/obesity. 
Secondly, screen-based sedentary activities may be more appealing 
to children living in the most deprived neighbourhoods as they tend to 
have less opportunity to participate in more expensive leisure activities 
(i.e., sport/exercise) compared to their more affluent peers (Hardy et al., 
2010). Indeed, relative to children living in the least deprived neigh-
bourhoods, children living in the most deprived neighbourhoods were 
much more likely to experience income poverty (i.e., low-income 
household) and be categorised in the bottom-end of the sample for 
sport/exercise participation. Sport participation tends to be performed 
at the vigorous end of the intensity spectrum and is strongly associated 
with higher energy expenditure compared to unstructured low intensity 
activities such as walking to school (Butte et al., 2018). The present 
study findings suggest that broader intervention approaches are needed 
to address neighbourhood deprivation inequalities in the prevalence of 
sedentary behaviours, sport/exercise and non-club/class physical ac-
tivity participation. Removing user charges from leisure facilities is an 
especially effective way to increase physical activity participation 
among disadvantaged socioeconomic groups (Higgerson et al., 2018). 
Local authority leisure centres across England once provided free and/or 
concessionary access to all children but this social support mechanism 
no longer exists in many parts of the country following recent budgetary 
cuts from central Government (Department for Communities Local 
Government, 2019). Local authorities across England should consider 
using their public health budgets to plug this funding gap, with a view to 
providing structured sustainable leisure opportunities for children living 
in deprived neighbourhoods. 
The study revealed that most unhealthy behaviour indicators were 
positively associated to some extent with childhood overweight/obesity, 
but only high TV viewing and low non-club/class physical activity 
participation were positively associated with overweight/obesity inde-
pendent of other unhealthy behaviour indicators. This finding further 
demonstrates the range of health behaviours that influence childhood 
overweight/obesity which extend beyond modes of physical activity 
including active school commuting. Some recent research has used 
computational data analysis approaches to examine the relative rather 
than the isolated effects of various movement behaviours (i.e., light and 
moderate-vigorous intensity physical activity (MVPA), sedentary 
behaviour, and sleep) on child weight status, and found that replacing 
MVPA with less vigorous movements results in higher risk of childhood 
overweight/obesity (Fairclough et al., 2017). Despite this growing body 
of evidence, there remains limited understanding as to whether some 
movement behaviours (i.e., physical activity) have a protective effect 
against unhealthy behaviours (i.e., unhealthy diet). Further research 
examining the concurrent effect of physical activity, sedentary 
behaviour, sleep and dietary behaviour on childhood weight status is 
warranted. 
There are several strengths to this study. The sample size was large 
and the study covered the whole of England allowing for investigation of 
childhood health and health behaviour spanning the neighbourhood 
deprivation gradient. Perceived neighbourhood environmental factors 
relating to physical activity were measured alongside a range of health 
behaviour indicators, and analyses were adjusted for known confound-
ing factors. There are a few study limitations to acknowledge. Parent/ 
carer-reported health behaviour scores, and child-reported neighbour-
hood environmental scores could have been subject to measurement 
error and social desirability bias, and the physical activity indicators 
prohibited discussion of results in relation to public health physical 
activity guidelines. Furthermore, BMI was used as a measure of weight 
status which reflects fat and fat-free components of body mass (Sweet-
ing, 2007) and may underestimate excess body fat mass (Javed et al., 
2015). However, confidence can be taken from BMI being a relatively 
robust method at the population level and its widespread use by epi-
demiologists globally (NCD Risk Factor Collaboration (NCD-RisC), 
2017). The study findings are based on data collected in 2012 and may 
underestimate present inequalities in childhood overweight/obesity in 
England given recent austerity programmes that have impacted on the 
poorest areas of the country most (UK Parliament, 2016). Moreover, the 
sedentary behaviour indicators in this study did not capture whether 
children engaged in concurrent sedentary behaviours (i.e., screen 
stacking) which may influence associations with child overweight/-
obesity. Moreover, it is possible that current youth may be watching 
more television programmes online using computers, tablet devices, 
and/or smartphones or tablets which the current study was unable to 
account for and thus high television use may have been underestimated 
here. Finally, the cross-sectional study design limits causality to be 
determined, and the study findings are generalisable only to children 
living in England. Despite these limitations, the study findings add to the 
growing body of evidence regarding behavioural mechanisms linking 
neighbourhood deprivation and childhood overweight/obesity. 
Conclusion 
Children living in the most deprived neighbourhoods in England 
were most likely to commute to and from school actively but were at 
greatest risk of overweight/obesity and all unhealthy behaviour in-
dicators. Active school commuting alone is unlikely to be enough to 
prevent and reduce inequalities and prevalence of childhood over-
weight/obesity in deprived neighbourhoods. Intervention programmes 
to reduce inequalities in childhood obesity should promote and support 
participation in a range of health behaviours not just active school 
commuting. The clear demonstration of childhood health and health 
behaviour inequalities across England is very significant in the context 
of ongoing austerity and public health funding cuts which will un-
doubtedly challenge the health behaviour choices of the most socially 
disadvantaged children in society. 
Funding 
The research was supported by the University of Liverpool. 
Ethical approval 
This study was a secondary analysis of publicly available data. 
Ethical approval for the original study was granted by the Northern and 
Yorkshire Research Ethics Committee (Ref: 11/YH/0203). 
Declaration of competing interest 
None. 
R.J. Noonan                                                                                                                                                                                                                                      
SSM - Population Health 10 (2020) 100541
6
Acknowledgements 
The author is grateful to the participating families of the Millennium 
Cohort Study, the Centre for Longitudinal Studies, UCL Institute of Ed-
ucation for the use of these data and to the UK Data Archive and UK Data 
Service for making them available. However, they bear no responsibility 
for the analysis or interpretation of these data. 
Appendix A. Supplementary data 
Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ssmph.2020.100541. 
References 
Baron, R. M., & Kenny, D. A. (1986). The moderator-mediator variable distinction in 
social psychological research: Conceptual, strategic, and statistical considerations. 
Journal of Personality and Social Psychology, 51, 1173–1182, 1986. 
Boyland, E. J., Harrold, J. A., Kirkham, T. C., et al. (2011). Food commercials increase 
preference for energy-dense foods, particularly in children who watch more 
television. The Journal of Pediatrics, 128, e93–100. 
Butte, N. F., Watson, K. B., Ridley, K., et al. (2018). A youth compendium of physical 
activities: Activity codes and metabolic intensities. Medicine & Science in Sports & 
Exercise, 50, 246–256. 
Chzhen, Y., Moor, I., Pickett, W., et al. (2018). International trends in ‘bottom-end’ 
inequality in adolescent physical activity and nutrition: HBSC study 2002–2014. The 
European Journal of Public Health, 28, 624–630. 
Cole, T. J., Bellizzi, M. C., Flegal, K. M., et al. (2000). Establishing a standard definition 
for child overweight and obesity worldwide: International survey. BMJ, 320, 
1240–1243. 
Department for Communities and Local Government. (2005). Indices of deprivation 2004. 
London: Department for Communities and Local Government.  
Department for Communities and Local Government. (2019). Local authority revenue 
expenditure and financing. www.gov.uk/government/collections/local-authority-reve 
nue-expenditure-and-financing Accessed 1 July 2019. 
Dixon, B., Pe~na, M. M., & Taveras, E. M. (2012). Lifecorse approach to racial/ethnic 
disparities in childhood obesity. Advances in Nutrition, 3, 73–82. 
Dosanjh, A. (2011). Childhood asthma and anthropogenic CO2 emissions. Journal of 
Asthma and Allergy, 4, 103–105. 
Fairclough, S. J., Dumuid, D., Taylor, S., et al. (2017). Fitness, fatness and the 
reallocation of time between children’s daily movement behaviors: An analysis of 
compositional data. International Journal of Behavioral Nutrition and Physical Activity, 
14, 64. 
Foresight Report: Tackling Obesities: Future Choices – Project Report (2nd ed). (2007). 
London: Government Office for Science.  
Govindan, M., Gurm, R., Mohan, S., et al. (2013). Gender differences in physiologic 
markers and health behaviors associated with childhood obesity. Pediatrics, 132, 
468–474. 
Halford, J. C., Boyland, E. J., Hughes, G. M., et al. (2008). Beyond-brand effect of 
television food advertisements on food choice in children: The effects of weight 
status. Public Health Nutrition, 11, 897–904. 
Hansen, K. (2014). Millennium Cohort Study: First, second, third, forth and fifth surveys. 
London: Centre for Longitudinal Studies.  
Hardy, L. L., Kelly, B., Chapman, K., et al. (2010). Parental perceptions of barriers to 
children’s participation in organised sport in Australia. Journal of Paediatrics and 
Child Health, 46, 197–203. 
Higgerson, J., Halliday, E., Ortiz-Nunez, A., et al. (2018). Impact of free access to leisure 
facilities and community outreach on inequalities in physical activity: A quasi- 
experimental study. Journal of Epidemiology & Community Health, 72, 252–258. 
HM Government. (2016). Childhood obesity: A plan for action. London: HM Government.  
Javed, A., Jumean, M., Murad, M. D., et al. (2015). Diagnostic performance of body mass 
index to identify obesity as defined by body adiposity in children and adolescents: A 
systematic review and meta-analysis. Pediatric Obesity, 34, 791–799. 
Jones, N. R. V., Tong, T. Y. N., & Monsivais, P. (2017). Meeting UK dietary 
recommendations is associated with higher estimated consumer food costs: An 
analysis using the National Diet and Nutrition Survey and consumer expenditure 
data, 2008–2012. Public Health Nutrition, 21, 948–956. 
Kelly, Y. (2008). Ethnicity coding for the Millennium cohort study, first survey, 2001–2003. 
London, UK: Centre for Longitudinal Studies, University of London UK Data Service.  
Larouche, R., Saunders, T. J., Faulkner, G. E. J., et al. (2014). Associations between 
active school transport and physical activity, body composition, and cardiovascular 
fitness: A systematic review of 68 studies. Journal of Physical Activity and Health, 11, 
206–227. 
Liu, N. M., & Grigg, J. (2018). Diesel, children and respiratory disease. BMJ Paediatrics 
Open, 2, e000210. 
NCD Risk Factor Collaboration (NCD-RisC). (2017). Worldwide trends in body-mass 
index, underweight, overweight, and obesity from 1975 to 2016: A pooled analysis 
of 2416 population-based measurement studies in 128⋅9 million children, 
adolescents, and adults. Lancet, 390, 2627–2642. 
Noonan, R. J. (2018a). Prevalence of childhood overweight and obesity in Liverpool 
between 2006 and 2012: Evidence of widening socioeconomic inequalities. 
International Journal of Environmental Research and Public Health, 15, 2612. 
Noonan, R. J. (2018b). The effect of childhood deprivation on weight status and mental 
health in childhood and adolescence: Longitudinal findings from the Millennium 
Cohort Study. Journal of Public Health. https://doi.org/10.1093/pubmed/fdy139. 
Noonan, R. J., Boddy, L. M., Knowles, Z. R., et al. (2016). Cross-sectional associations 
between high-deprivation home and neighborhood environments, and health-related 
variables among Liverpool children. BMJ Open, 6, e008693. 
Noonan, R. J., Boddy, L. M., Knowles, Z. R., et al. (2017). Fitness, fatness and active 
school commuting among Liverpool Schoolchildren. International Journal of 
Environmental Research and Public Health, 14, 995. 
Noonan, R. J., & Fairclough, S. J. (2018). Is there a deprivation and maternal education 
gradient to child obesity and moderate-to-vigorous physical activity? Findings from 
the Millennium cohort study. Pediatric Obesity, 13, 458–464. 
Sweeting, H. N. (2007). Measurement and definitions of obesity in childhood and 
adolescence: A field guide for the uninitiated. Nutrition Journal, 6, 32. 
UK Parliament. (2016). Impact of the spending review on health and social care 
[Internet], Available online https://publications.parliament.uk/pa/cm20 
1617/cmselect/cmhealth/139/13902.htm?utm_source139&utm_mediumfull 
bullet&utm_campaignModulereports accessed on 9 January 2020. 
R.J. Noonan                                                                                                                                                                                                                                      
